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Perfect Materials 

fit to endure the strain which an airplane propeller must undergo 
arc chosen for their exacting purpose from large stocks of fine 
mahogany and walnut kept by the Unit Construction Company to 
supply the demand for its fine wood work. In all 

Unico Aircraft Products 

the same standard of quality. ip materials is insisted upon. Unico 
propellers, dying bpa>.huil%hyif)^ fi^llages, or complete airplanes 
arc dependable td.tbe‘ihfhb*sfj.b^caus^iihp''rtw materials are right. 
You are invited to correspond with us on your needs. Our engineer- 
ing department /■, 
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UNIT CONSTRUCTION COMPANY 

Raeburn Clark, Smith. President 
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'The M»!or fbm maJe the fiatiihte' 


I N till- care ami hnc sense <>t ail- 
jiistment exhibited bv this Organ- 
ization in the final assembly of 
Hispano-Siiiza Aeronautical Kngines 
lies the secret ot much ot this 
rr.f'cor's charactiT'stie siipcHoritv. 
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In Addition to Military and Sporting Requirements 

The Aerom arine Plane & Motor Company 

Will Specialize in the Development and Production 
®/ 

Commercial Airplanes and Motors 


The Transportation of Passengers and Freight 
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THE FUTURE OF FLYING 
DEPENDS ON RELIABILITY 

A telegram from Captain Alcock 
and Lieutenant Brown reads : 

"Congratulations on perfoimeince of 
the two Eagle Rolls-Royce engines 
which propelled the Vickers Vimy 
safely across the Adandc. ” 

ROLLS-ROYCE aero engines like ROLLS-ROYCE cae« 

THE BEST IN THE WORLD 

ROLLS-ROYCl 


F?$ 

15 BROAD STREET. NEW YORK 
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The Meaning 

Lynito is more than aluminum, for 
aluminum is but the basic raw material- 
wluch gives it lightness, making it weigh 
but a third as much as cast iron. 

It is more than an alloy or a group of 
alloys, because Lym't« foundry practice 
is just as essential as Lyruto formulae to 
the production of Lyidte. 

It is more than any single part or number 
of parts, because it stands not alone for a 
product but also for a service — the kind 
of service that can be ^ven only by a 
large, forward'looking organization which 
does not simply take account of today’s 
production but strives, through scientific 
research, to develop tomorrow's possibilities. 

Fully to understand the meaning of 
Lyru'ta you must know that to a great 
degree it represents pioneering in the field 
of aluminum alloys. 


of tYULTir 

The lightness of aluminum, valuable as 
Lynit9 has made it, was of comparatively 
little use to the automotive and other 
industries until means were devised to add 
to its strength, toughness and hardness. 

It remained for the makers cf Lynite 
largely to devise or perfect, by scientific 
means, the methods and processes through 
which the countless difficulties met in the 
making and casting of aluminum alloys 
were overcome. 

What this has meant to the airplane 
industry is shown by the fact that eighty- 
five percent of all Liberty enpne aluminum 
alloy casting were made of Lynit» or to 
Itynito formulae. 

THE ALUMINUM CASTINGS CO. 

LYNtTB mnd L,YSVX Products 
Ctevelond D etr oit Buffalo Pairfield, Coon. 
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Hartzeil Walnut Propellers are 
made from the choicest American 
Walnut timber. 


Government tests have effectually 
demonstrated that walnut is the most 
efficient wood for propellers. It is 
very light and will not warp nor 
twist. At the same time it is rugged, 
strong and has great shock-resisting 
ability. 

Our Engineering Department is 
equipped to design propellers for 
particular needs. We respectfully 
invite inquiries. 


H.\RTZELL WAL.M^T PROPELLER COMPANY 
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T ry to revolve a tapered stopper in 
a bottle while pressing inward. 

The harder you press, the harder it 
turns, because of the wedging action with 
its resultant friction. 

Repeat this operation with the ball bearing 
illustrated, holding the outer member in one 
hand and rotating the inner member while 
pressing inward as before. 

You find that the ease of rotation is not 
impaired by the end thrust. The ball bearing 
rums quite freely, for the New Departure angular 
contact bearing absorbs end thrusts without wedging 
action and its consequent frictional drag. 

The ball type is the only form of bearing which 
resists these end-on loads in modern machinery with- 
out loss of power due to the friction of wedging. 


L. O, QABDKBB 


W. 1. 8BAMAM 


VoL vn 
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T he tliini Bimiversary of Aviation .vnd Aeron.m;- 
nc.vL Bnginbgrino is a fitting moment to review 
the progreHs which the last three years of aero- 
nautical work liave protluceil, and which the intense 
demands of war have so accelerated. 

In that branch of the art, without which all other 
effort wonld ultimately bo without object, namely navi- 
gation, there have been immense strides. Not only have 
navigational problems in the air been simplified and a 
knowledge of navigational principles become the stock in 
trade of every goo<l pilot, but there has been added to 
our navigational instruments the radio-direction finder. 
This instrument which was not even thought of in 1915 
now places the pilot in a position to defy fog or clouds, 
and provided he can keep flying at all wiU bring him to 
his destination in any kind of weather. 

Then the turn indicator has come to the fore. Based 
on the simplest of principles, namely the varying pres- 
sure of the wind on the two edges of a taming wing, 
it will give the pilot an immediate indication of even 
a tendency to a turn. With the eompass and the turn 
indicator the pilot can keep on a straight course, except- 
ing that a side wind may cause him to drift. But if he 
is flying straight by compass and turn indicator, the 
radio direction finder will warn him of drift. The whole 
problem of navigation independent of weather conditions 
seems to have readied solution, 

Other accessories, unheard of in 1915 are the Inter- 
phone, permitting communication between pilot and 
passenger; the dual control release which permits the 
instructor to cut out the pupil who has lost his head, 
or persists in taking charge at the wrong moment. 
Light engine starters arc now commonly employed, al- 
lowing us to dispense with the clumsy methods of turn- 
ing up with a propeller; carburetor stacks and screens 
have minimized the danger of fire, fire-proof fabrics and 
dopes are certainly with us. 

Materials have been the subject of constant study and 
cotton is again in the field, this time displacing linen 
not because of dieapuess, but kx-cause of cheapness com- 
bincd^Hh qualities of strength and durability. Dopes 
are iit^roiiger to be feared as violent poisons, and where 
dangerous dopes are still employed, perfect systems of 
ventilation are in use. 

Veneer has, due to its superior homogeneity of struc- 
tural strength, come into its own. and found a large utili- 
zation not only in the fuselage and ribs, but in struts, 
spars and almost all parts of the airplane. 

Built-up spars are no longer barred by spccificBtions, 
Airplane constructors know how to make them, of equal 


strength and sometimes lesser weight than solid spars, 
thereby saving in the actual stock used, and in the re- 
jections. 

Struts are no longer made exclusively of spruce, we 
can turn to steel and while not cutting down weight 
can use smaller thicknesses and cut down bead rctiis- 
tance. Steel spars are a decided possibility. 

Engines have steadily grown in power and deereaHed 
in weight per horse-power, until 2 lb. per horse-potver 
is eoraraonplaoe and 750 horse-power in one unit lan- 
ployable. The air cooled engine has come to stay, light- 
er, more simple than the water-cooled type, and slowly 
gaining an equal reputation for reliability. 

While trussing systems have remained more or less 
the same, construction of wings has improved. Stream- 
line wire has been brought to the point where it may 
be used with safety. 

Finally, in aerodynamics, better wing sections and 
finer bodies have been gradually evolved. 

And as a result of alt these improvements the airpluie 
as a whole has, without any startling innovations, im- 
proved immensely in every way. 

The war at least gave aeronautics a marvellous swing 
an<l impetus, and if but a part of this swing and impetus 
is maintained we may surely expect even greater things 
in the near future. 


Aerial Competitions 

With the advent of peace and the release of planes 
for civilian aviation it ia to be expected that there will 
i>e a resumption of so-called aerial Derbys and eom{>eti- 
tion of varying character. It is hoped that these will 
be run on a reasonable basis and not purely as a sport- 
ing or advertising proposition. 

While great speed and climb will always be desii’Sble 
factors in aviation, for commercial work other factore 
have an even greater importance. It is in the demon- 
stration of these factors that aerial competition will be 
most useful. 

They can be made to determine the durability’ of 
both engine and plane by long non-stop flights. Even 
if a plane has achieved a given distance in a given time 
in a competition, it should be penalized for any forced 
landings. 

The useful load transported aside from fuel should 
be an important criterion, while the ratio of ton-miles 
to fuel consumed, being a measure of economy, sh-juld 
also bo taken into account accordingly. 
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Our Third Anniversary 


With ihr preacot nsue Aviatiom akd AESONAuncAt. Ewai- 
KKMtlNO ccIebralcB iu third annivoreary, entering upon its 
fourth yenr of eio»t«ieo. In this ronneclion it may be recalled 
that thia magaxine waa the first aeronautical publioation in the 
world to realise the predominant importance of scieolrile 

•'•Tds in the planning, demgn- 

I. founded on this aaaump- 
f the Great War has strikingly 
iBBOHStlTICAL ENdlNBBBlHU has 
ever since iU Aret issue considered it its principal duty to 
spread the knowledge of sound methods of aeronsnlieal engi- 

n umbers of readers have kindly expr cmc d in a large corre- 
spondence bearing eongratolations and good wishes for the 
future. Rome striking ezi-erpta from such expressions of good 
will — which allord a powerful ineentive to further improve 
the constructive features of Aviation and Aebonaotioai. En- 
UIKBXUNU — are printed herewith together with suggestions 
regsrriing the development of |ieace-time aeronsutica. 

Champion of Progresxive Movements 

Aviation and ABRONAcncAt. ENQiKBERmo has. since iU 
•hampioned ail progressive aeronautio movements. 

__ one of the leaders io the ilemand for landing fields 

favorable )e«Ul8tion. It has aided greatly i ' 
lie public as to the safety of travel by air.” 




I the education 
H. Cmerisa. 


y large, The future should give 
man any we have now and also smaller 
Flying boats are 
also the most promising typn 




^ „ application. I 

pprecialcd in quarters now given to excessive 

nthusiasm that very large airplanes, while practical enough 
n the air, are as yet un^le to make safe landings except on 
'ery perfect fields, level, large, sod of smooth, bard surface, 
rhe rise of flyhtg boats is not limited by landing conxidera~ 
ions. Indeed, the NC type has shown that in ^ouhling the 
ise of the F-5 type a landing s|>ee<l 10 m.p.h, in excess of the 
afe landing spe^ for the F-3 is quite practicable. It is likely 
hat still bighn landing speeds, in excess of 70 miles, will 
uitable for even Isrger b^ta The shove speeds are for use 


in harbors or sheltered waten 
all the harbors, bays and ri 
ered landing fields, and the o 


and gales l. 
miles, tbe flying > 
be feared and for 

Tbe airship quires 
and in the beginning 
of trafllc is great enough 


routes involving over-water transporteiiun 
ith rail transportation. When high winds 
e expected, and for d= 



Admiration and Respect 


t period. You 


Progressive and Constructive 
have always considered Aviation ano Abhonal-ticai. Eh- 
OINKRSINQ to be one of the most progressive and constructive 
aeronautical magazines and am sure that this opinion is con- 
curred in by ihe whole Air Service. Its articles have been de- 
voted to tbs beet interest and sound progression of aeronautics, 
and Ihe part taken by this msgazine during the past three 
veare in dispensing up-to-date aeronautical engineering facts 
has made it a very vJuable medium for the instruction of its 
readers along technical lines connected with avistion," 

Maj.-Obn. CRARua T. Mbmohkr, C. S. A. 

IHrcplnr of Air RrfrlPV. 

Splendid Work 

I have been reading with much pleaaure the valuable in- 
formation contained in Aitation and AxituNAl'TirAi, Engi- 
hxkwno from month to month, and coogratulaie yon upon the 
^lendifl work you have <lone along this line,” 

Rrig.-Qen. Wn. MircHBiJo U- S, A. 

Timely Symposium 

fr is w'lHc to lonsider at iulem'als tbe general trend of air- 
craft design and development, and for Aviation ano Axro- 
NAi-TifAi. Ekuinkekinu lo hold a symposium on this snbjert 
now is especially timely. Your paper represents American 
thought in Aeronautical Engineering, and is in a (xiaRion lo 
amist in directing it into safe cbannela. 

It appears to me that Ihe naval development of aircraft will 
continue along its present lines, both heavier and lighter-than- 
air, and including all uaeful types for special functions. We 
will, therefore, continue lo experiment — " — •* 


offer n^sugges- 
sctnr^^pistry 


This conditi 

transportation to so pronounced a deg 
lion, because ainoe entering the aircraft 
I have been engaged as a manufaeturer 

“The development of heavier-than-air craft in the military 
world will be mong new Unea, especially in Ihe Navy. During 
the Great War the Navy used heavier-than-air croft almost 
solely for anti-submarine work, and they must be developed for 
aeouting, fire control and courier serriee. 

“The devdopment of ligfater-thao-air craft has only begun. 
Tbe United States is actually at tbe beginning point, but, with 
ita advantage of a supply of helium at least sufficient for its 
military needs, it ou^t by careful application of the funds 
mode available for the art make a most substantial advance, 
and I believe I see more all-around uaefulneae for the lighter- 
tban-air machine than for the heavier-than-air machine. 


“Amation and Aebonacticai. ENGiNCsaiNO has a respon- 
mhility to discharge in this development brought on itself by 
“e reputation it has gained for carefully reporting dl progrem 
and offering well eonsiderod. papers and its own thoughtful 


Scientific Success 

"fongratulating Aviation and Axronavtica 

on tbe success it baa achieved along scientific lines in its first 
three years of existence, we trust that its future will be even 
more prosperous than its past. Best wiidies.” 

tlBEELY S. COBTJS. 


“It it 

feliritatc you on the aecompliaUmeuts of t 
publication enjoys Ihe admiration and respeet of tne aero- 
nautical fraternity and in aeronautical <levelopment has been 

“I hope rineerelv the next three years will witness as great 
a development in aviation, under tbe happier anepicee of 
peace, aa (hs past three have, though this is probably loo much 
lo expect. No one who gives thought to the upward struggle 
of man, however, can doubt that from now on tbe fart he 
has conquered the air is rang to be of ever greater sigmfleance 
in Ibis struggle. I would not dare to be so unwise as lo specify 
lust what 1 believe will be the development in aeronautics, or 
hut it is certain that the ability to fly marks 
such an advance over man's previous condition lhat be will not 
fail to take full advantage of it. This may be delayed some- 
what but it will rome, lo man's upward climb no such increase 
in his prerogatives bos ever failed lo be utilized, eventually, to 
the full, and in aeronautics the same result will follow. 

“Unless the Government departments give the fullest financial 
support to aeronautics, prog reea will be stow, though it will be 
none the less sure. 1 do nut see bow tbe Government can fail 
in this [larticular, however, and look to a sound Government 
encouragement which will make jiossihle a sound commercial 
devrinpment, from which the industry will .•ventiiall^- find ‘'“If 

heavier-than-air craft both have their umk and will develop 
side by side. 

"In walking hanil in hand with the future of aeronautics, 
Aviatio.n ANn-ABHOSAfTii'A!. EKniNEF.niNG will have the best 
wishes of all who are interested in a sound, logical 
development.'' 

(■(.Nim. tV C. \Vertkr\t.u.t, (C.C.) U. S. N. 

HuiK'iiDIcsrllBK c%,D>trn.'tor cf 3uernft, V. 8. N. 

Responsibility to Discharge 

“Aa to Ihe development of beavier-thnn-air craft, I have a 
convielion that designing engineers must leani something more 
than they now claim to in order to make imssengers more in- 
dependmt of the pilot. Even a alight error in judgment on the 
part of the pilot may result in disaster to himself and all his 
— — -io: — found in other means of 


High-Class Technical Aspect 

“ In Ihe future of aviation there is still great need for sound 
engineering devdopment, particularly in the development of 
leas exiiensive motors and m the further simpUfication of air- 
plane construction. 

“ We already find high speeds of IBO miles an hour quite 
practical. Whst other means of transportation in aa young a 
stale as aviation can offer any such speedt Even though land- 
ing fields are a limiting factor, grantmg that there is an ele- 
ment of uncertainly and of high expense in air travel, if we 
can offer sufficient speed in travel from office door to office 
door, tbe world will be willing to pay a high price and lo stood 
for a lot of bother because in speed of travel and in its un- 
i-qualed directness of travel tbe airplane offers something of 
real practical use. 

“ Those who, realbang tbe present limitations of flying, bt^n 
now to build up a sound and solid industrv, based on offering 

e public that pays for it somethiug of real value in quick 


“ It is a great pleasure to be offered an opportunity < 
gralnlate Aviation and Aeronacticai. Engineering _ _ 
completion of its third year. Ita efforts and functions in the 

industry have been p - • • - • - 

of tbe high-class tcch 
liecn constantly kept up from’ its inceptio 

" The general run of aviation magaxinea that deal with newsv 
Items lose in Dcrmanent value the temporary gain that they 
o their timeliness. But the bound copies 




ich os Aviation and Aeronai 
'oJ articles of real value, are 
lutical library." 

Grover C. Ixiening. 


Forcing Its Way Up 


“Aviation and Aeronautical E 

ord which it ba 

I cannot think of ai 


e msgazine forcing ita way 
tbs after ita inauguration. ] 

r than keen it nr, 


I have no suggealioR to malte 


A Poiver Since Its Beginning 

I thoroughly believe in the future, and near future, of real 

v-B 1.,,^ pigjjgg during 

e through industrial develop- 
j from military 


aircraft aettvity. 
the last four 

I believe this future will c 

meat of commcreial type machines, and r 
activities or requhements. 

Future planes wiU be safe in proportion as they forget mili- 

j,d design for new fundamentals. New engimis, 

reliable, more compact, will come, ud soc.n. 


tary prsctice ai 

Present types are too expensive and nervous, too delicate and 
temperamental. These engines will form tbe crux of the new 
dev;e)opments, and wiU be the branch which commercially lor 
a time will make the most money for tbe makers. 

We must see airplanes of 350-mile cruising speed before we 
CM really do commercial long-distance wo A. ^is m 


Amencs shonld at once pay more attention to the airstii 
of large size— a mUlion cubic feet and over- It is possible ti 
hnild these in the newer plywood constructions rather than o: 
velope can be o 




.- t-held contest for commercial planes foi 

uses held each year would greatly stimulate developm. 
forestall chaiges of political preferenees in contracU which 
jiuhlic and press are always too apt to bring. 

Aviation and Aeronautical Enginecrino baa been 
power sioce its beginnings, and is a wholesome note, edited I'o 
the industpi Hud not for one man’s pereonal publicity. Moi 

ity oa the British papers do? I believe j-our paper has hrair 
enough to do it. They never call a spade a shovel. 


Educate the Public 

“Soberminded men do not believe war is eternally ended by 
‘rtain signatures on scraps of paper any more than they be- 
eve crime is lo be abolished by Ainnal passage of laws. A 
I's in tbe same jierii of war as is an indivbluaJ in 
’ ■ ■ ' ■ ' costly li 


Measure of Present Opportunity 

There are great possibilities aliead for airship transportation 
in both governmental and civil lines; but to realise either in 
full we must have both. To support the Government quickly 
and effectively in time of war, wo need an airship induatrv in 

tu:. — ntry, but IH . v. 

. 1 Govemme 

ordered in times of peace. The Goi 

courage eoinmercial development in varions ways and control 
it lo tile extent of making commercial ^ips available for mili- 
tary or naval use when needed. The nation will save in taxes, 
and at the same time get the benefit of bigger and better air- 
ships, lower fares and adequate militarv protection. 

A lam share of thia development lies in your hands, 
Avi,\Tlofl| The friends von have made in the past are a 
measure Bf your present opportunity, which is great indeed. 

R. H. Upson. 

Tne (toouresr Tice A Robber Co. 

From the Ace of Aces 

“Furthering (he interests of Aviation and Axbonadtical 

Enoinbbrino means to further tbe interesU of its readers 

and the lovers of aviation are indeed fortnnate to have avail- 
able a publication of such merit." 

Capt. E. V. Rioeenbackbr. 


danger from criminals. 

in unpreparedness. In piping timre of peace we should p 
pare our aviators for war. 

"Tbe United States lags behind in thia pn^ram of prepared- 
ness— preparedness both agamat possible assault and. mire 
important still, preparedness to take her place in the rivalry 
for commercial aviation thot is now upon us. A new science 
of transportation is awaiting our development. What impetus 

itsges of aviation is Ihe 
answer. Avianon magazines snouia keep the public fully and 
correctly informed of the possibilities of aviation. The quin- 
tily of misinformation that goes forth unblnahingly from oar 
sensational presses must be checked and censored at its source 
by edneating the press in the science of aviation. The " saftty- 
first *’ of ai-iation must be emphasized rather than the desih- 
defying stunts of the hair-brained aviator. 

“To this end Aviation and AsBONAU’ncAL Enqikeerino 
stands preeminent above other publications of this country. ’ 
Laurence La Toueette DRirat.. 

PTCsMent Anicrlnin Plying CInb. 

In a Class by Itself 

"Aviation, as we engineers familiRrly call it, is in a clast by 
itself, being the truly r^ technical publication of the mdustry. 
While the other aeronantical magazines give the news of gen- 
eral intereet, pietoree and a few of the more or less Uohnlcal 
articles, Aviation is the one that the aeronautical engineer 


meotal asd ei^ pnrppers, it is the writer’a opinion that tl 
is ttill a great dru to ba done. Tbe tndeney at pment an 
to be to deam large marhines both for bombing and e 
merrial work. By drawing a compariaon between tbe tn 
Allantir flights of the Viekein " Vimy " and tbe K.34, the 
portanee of the beavier-than.air eraft is at onee apparent, 
thougli the former is not as large aa sncceasful planes already 

ofThrR-34,^« 


uarfol load is small it 




Vastly larger planes than 


flight w 

B supremacy. The distinctive aovamsge 
craft upon the ground argues well for 
.. ~r .he large load ean^ing airplane, 
le Vicl^rs “Vimy", with useful 
„ capable of allaining airspeeds of 

.h. will, with the proper support, be developed 


Vithuul doubt a numi 
planes for military and sport pur 
exceeding in jierfurmance Chose v 
liar. These typee should be alwi 

dn» ’“P* 

lut it is not possible for tbe airera 
>lhb all this sii^le handed. Cntil 
rd peace baais it will be neeCMuiry' 
ive outside assistance. The logieai 


Olsns- D. Mit< 


Positive Engineering Authority 

"The development of aviation in tbe United States h 
largely depeiiilent upon the support of the Qovemn 


i>N Angntt 1, 1919 

n justly expect the public in general to Cake a large part in 
With the eroasing o tbe Atlanlie^^e a.ne^era m c^- 

liability of tbe airplane and 
It the United 


a proven tc 


“Lau£i)g fields should be eetablishcd Cl 
States, starting with such well traversed routes as between the 
principal Eastern cities, Kew Tork to Chicago, etc. These 
fiehla ^ould be at intervals of fift^ milea so that a safe and 
sure lauding can be made at any point. A snail aerial garage 
should be a profitable enterprise at each station and one that 


would b 


.r by ir 


and upke^ of all Cyi>es of aircraft and engmes. With fields 


of this kind commerrial aviali 


will be de\elu|ied 
pt at the higheat 


inC from which this 
remains to be seen 


"Tbe public must be continually brought to see tbe possibil- 
ities of Cms new mode of transportation. Large regular passen- 
ger planes will come into use. These should be equippra with 
. 1 — — . 1 --. - . — . fjigjii pan alwsys be msin- 


inedfroi 


city to city withou 




n flight, that 


Udeen into consideration, also enough storage U 
bi^tgage. Each engine should be areeaeible whi 
min or repairs may bs mode without landing. 

"During tbe three years of its publication Aviation and 
A jttnKAi'Tii'AL Enoineebing Iw contributed much to the de- 
way rn which it has handled various problems. 

"We have found no other magazine that ia so complete and 
broad in its setting forth the aeronantica] data that is of equal 
value to Che average layman and yet a positive authority for 
tbe aeronautical engineer. You should be justly proud of ita 

B. Russel Shaw. 


The Need of the Present Moment 


Praetieally nine months have nui 

business in the United Elsies sre 
Two of our largest manufacturers 
and Ihm rem^ing are strogglin 

Barring unexpected devetopmen 
that U. 8. Oov . - - 


anything but 


lunted on for Iw 
selling airplan<>s 


lit appear likely 
nilitacy or naval 

lircraft for war 

purposes we will have to' look' for foreign outlets. Tbe South 
Ameriean nations and probably alao China and Japan are likely 
Co come into the maiket for more or lees limited numbers of 

The amount of this business and when it will materialise arc. 

be placwl bv t\ie Post Office Department this 
in any case, not be sufficient to do more than 
of our plants operating on a limited Hcale. 

The sporting and commercial business ia u 
Since Nov. 11 last, the country has been b 
that few have ha'd time to look around for new forms of sport 
or new lines of investment. Naturally tbe first impulse of the 


ur "dark horse." 
.rfwith the'** 


lienlou 


idesa 


Helds, in c 


idy having for its object tbe oiganiziim of flying 
■atiun with the Army, Navy, Post Omee, muni- 
cipaiuiPK ana other local bodies, would be of verv great value 
at lliis time. The level-headeel men comprising the Manufactur- 
ers' Aireraft Assoeiatioo arc, in the opinion of the writer, the 
best fitted to start the ball a-rolling in this direction. Wi^out 
chains of flying fields, or at least emergency landing fields, cov- 
ering the entire country, any- attempt to develop the sporting 
end of the business will prove Co be very uphill woric. 

e wiieh calls for t(ie esriiest atcenlion snd eoul^ be started 
. idividusi manufaeturers or by them in a body through a 
'orporatioD organized for this purpose. There are many places 
here local tranaiiortalion conditions are such that airplanes 
lid airships designed for Ike purport eonld very likely be 
peraletl at a reasonable profit. It appears essential however. 




■t the 


led it 
. 1 the 
s few yi 


e fatal m 


could 


nekle dowi 


sporting airplanes S3 the fly-i 


it next 8pnng may show some calVf 
le flying fever contracted in the Air Br 


faoturers: (1) Organise chains of flying Bn'S emergency land- 
ing fields to cover the entire cnnntry. (3) Put into operation, 
as soon as possible, specially dmigned passenger and express 
carrying aircraft, choosing route# to which this service ia parti- 
cularly adapC^. (3) Prepsn attractive, airworthy and inex- 

operafioi*. The "flying flivver," in the hands of the' public, is 
■•hich eonld he spent exsggerated idea of the dangers of flying, ****** ' 


The Future of Commercial Aviation 

By Glenn H. Curtiss 


The future of aviation, as it concerns land machines, depends 
upon one thing — the establishment of landing fields. 

Beardless of the progress made in aeronautical design, the 
fact remains that aerial progress in land flying will not reach 
ita maximum possibilities until tbe importance of the eslsblisb- 
ment of landing fields is fully realized. 

It is really a remarkable thing how commercial aviation has 
progressed daring the few months sinee tbe cessation of hoa- 
tilitiee. It is doubly remarkable when you consider that this 
progress has gone on almost unaided. It has made wonderfnl 
strides — a remarkable chapter in the history of the world's 
industrial development. Such pn^rress as has been made has 
been largely the result of individual far-sightedness, individual 
progresaiveneas, individuaJ enterprise and initiidive. 

The railroad awaited the laying of raik, the automobile and 
motor truck awaited good roa^, the airplane awaited nothing. 
It has gone ahead without waiting for the developments that 
should accompany it. 

It baa gone about aa far as it can without any aid in the way 
of Unding fields, service sUtions. weather reports and meteoro- 
logical reports. Some progress has been made, and we are now 
finding cities awakening to (heir opportunities. 

Landing fields mean safety in flying : safetv hi flying means 
greater education of tbe public to the enjoyments of ilving; 
edueslion means progress. One follows the other. 

Some time ago I made the stotement that tbe greatest prog- 
ress in aviation would be made bv water machines because of 
tbe fact that water machines have natural landing fiehU. Tbe 


trans-Atlantic crossing was a great boon to water-flying, but 
just as soon as we have ostablished a system of lauding fiehU 
implish feats equally as important with land 


machinea. 

^ There is a wide field for the airplane. It may be safely said 
to Jiave already taken ita place in tbe world's commercial 
service. Experiments carried on by the Government in aerial 
mail, TOri^ photi^phy, aerial mapping and forest patrol 
liave already proved their usefulness. Its worth in emergcncii's 
proven time and again. The eommereral tests in 
which they have been put have been in almost every case aiic- 
eessful and beneficial. 

It is hard to realise that within the last few mo. 
designers have aueveeiled in making the transitii 
to peace-time vehielea; that mercantile establishme 
‘■-e airplane to moke deliveries; that physicians are flyini 
_i„ . .... .A-. - ; ^ being delivered by 




make their ealls; i 


t aerial police eorjis are being organized; that hoteU are 
shlishiiw aenal services; that there is a greater demand fir 
aenal exhibitions than there arc pilots and planes to I'ulflll; 
that fliers are finding profitable employment hi pa^ngir- 
earrying: that (lapera are using airplanes to deliver neus- 
papeis and photc^rapbs; that the airplane is being used in 
ambidanee work. 

The developments have been rapid, but tbe coming year will 
see still greater progress. How much this progrc« will sd- 
yance will depend upon the co-operation given this new 


Development of Aircraft for Governmental 
and Civil Purposes 

By Maj.-Gen. Charles T. Menoher, U. S. A. 

Direcfor of Air Service 


The development of aircraft for commereiai purposes and 
for peace time Governmental activities has hardly b^uu. 
The enormous advance made in aeronautics during the last five 
years has been due to tbe necessities of war and as a resalt the 
the aircraft of today is suitable for war rather than for 

Speed, climbing ability and visibilitv for pilots and observers 
are the chief requisites of military aircraft. These qualities 
are so essential that they have been developed at the expense 
of almost every other consideration. Operating costs and pro- 
duction oosts were hardly considered. Maneuverability was 
desired rather than inherent stability. In fact, the linea of 
development dictated by the necessities of war lead awav from 
eommercial snceeas rather than toward it. The knowlcd!^ and 
experience gained in the production of present types, however, 
is BO great that aeronautical engineers sbonld be able to produce 
aireraTt capable of almost any desired performance. 

An iiiteUlgent analysis of commereiai possibilities of aireraft 
is necessary. Every venture should be earetuUy studied to de- 
termine the requirements of the aircraft to ha n«ad. and a at, a. 
rial ship designed 

design of new types better suited for aiiecitlc eommercial pur- 
poses. The attempt to find peace times uses for material de- 
signed purely for war baa resulted in many ill conceived ven- 
tures doomed to certain failure. Legitimate possibilities exist 
before it takes its proper place as a mode of transportation 
hi plenty, but before eommercial aeronautics is a success and 
and conununicalion, much careful planning and skillful design 
will be necesaaty. Every development in transportation baa 
been toward increased speed and the saving of time. All have 
met and overcome opposition base<l on increased cost of oper- 


long and painful n 


of education of 




buBineaa to tbe possibilities of each has been p 
Doubtless the advent of aeronautics will pro< 

The exigencies of war, however, have presenUv. ,v uuoiuvm. <i 
new and improved method of transportation ready made. All 
the knowledge and experience necessary to put it into effect are 
at band and it remains only for bnsinsss to realize its possibil- 
3, and to lake hnniediatc and profitable ad- 


ities and limitati 
vantage of it. 

TransporUlion by aircraft is the most rapid method known 
and, measured by "pounds per hour,” probably the most ax- 
ficnsivei yet there is business in plenty important enough to 
.luslify the addH expense of saving a few hours. Aircraft can 
compete along its own route with every known method of triins- 
Iiortation, from the burro clambering over tbe Rocky Moiint- 
oui trail to the fastest steam railway or the ocean going steam- 
er. With every reduction in production or in operating costs, 
an ever increasing amount of profitable bnsiness bwomes 
available. 

A business concern or a nation that depends upon obsolete 
transportation methods is doomed to commercial fmlure. F.,ng- 
land, France, Italy and Japan are bending every energy to tbe 
development of aircraft for commerce. Oermanv waits only 
for the word of release to become a formidable competitor of 
the most progressive nation. Only the United States logs be- 
hind. If these nations find it necessary to give Govenimuntal 
aid during the period of transition of military to civil aern- 
Mutics, we should profit by their example before it is too late. 


bands of aUen 
ough. 
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Tchanl 




Metal Construction of Aircraft’ 


By A. P. Thurston 


arftuni that metal is I 
flyiug machines. Thi 
days of iron vessels; 


l>em of the aircraft stn 
weight and stren^h of speeiuj* 
greatly. Span for one type < 


nimenl was used 


■eight from B>4 Ih. to 16 Ih.. and the strength varied ii 



strength of spruce in 
]>€r 1 per cent of moi« 
moisture. Wooden marhine 
able eondilions of a dry workshop therefore showed "a 
greater strength tluui in the field. A sodden machine 

wheu tested in the worksliO|> at home. Moreover, uwi 
the disDosition of wood to warp or split, particularly 
i wooden machine qurekly gets c 


deal u 


■r load, tht 


g up. Wooden 


;s deflee 


I deg., it folk 
more than otl 
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! and rheaply u 
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The melala which are immeiliately available for metal con 
slniction are steel and duralumin : other alloys should l>e avail 
able shortly, 

The specific gravity of 

good dn' spruce, grade A — .45. 

The specific gravity of 

The specific gravity of 

duralumin • 2.7. 

Young's modulus in licndmg for 

all steels approx » 13,(100 tons sq. in 

Young's modulus in bending for 

dorwumin approx — 6,600 tons sq. in 

Young's modulus in bending for 

spruce, A approx — 716 tons sq. in 


lienee, steel is 17 times heavier than good spmee, while 
duralumin is 6 times heavier than good spruce. 

The atrength of spruce in bending cannot be assumed greater 
than 6,500 lb. sq. in or 2.46 tons sq. in. Henoe, steel of 42 
tuna per sq. in. or duralumin of 14.7 tons per sq. in. are equal 
iu pure bending, weight for weight, to grade A sproce, pro- 
viding the full atrength of the material can be developed. The 
strength of a long strut or spar under combined bending and 
end load u governed by the modulus of elasticity. The 
strength of a long strut with free ends being given by EnleFs 
formula It follows that steel stmts are, weight for 

weight, 1.1 limes as strong as spruce, and that duralumin atroU 
are 1.28 times aa strong as spruce, provided the full strength 
of the metal is Jcveloped. These figures relate to the twst 
wood obtainable under peace conditiona but they are mnch 



. jmpared -with wood available 

Thus, the specilie gravity of dry 
spruce, which we have been compelled 
- O.Sl. The transverse strength or 
a 4,500 lb. per sq. m. or 
aticity of grade B timber 
per sq. in. Therefore steel is 16 times heavier than 
regon pine, ond duralumin is 6^ times heavier tlian 
regon pine. Hence, steel of 30 tons per sq. in. or 
of lOln tons per sq. in. are equal, weight for weight, 
nding to grade B Oregon pine, provided the full 
f the material can bo developetl. Further, steel 
weight for weight, 1.4 times as strong as ^de B 


thus making it impossible to keep all ponions 
iglc of incident. Fur instance, in s single bay- 


under load is propor 


e the dellcctioi 


o the moduli 


I of elai 


_ _ — , — jnal bending 

le product of end load snd deflection, it fol- 
lows that the above Itgnres ore eapahle of b«ng improved 
upon, provided always that such s design can be obtained and 
that the foil atrength of metal can be developed. 

Metal constmetioD has the further advantage that the metal 
■nay be disposed at a greater average distance from the neutral 
axis. It may be argued, ainee the modulus of ek^icity of sll 
grades of steel h approximately the same, that the grade of 
’ ' ’ ’ ' importance. This is not so 


» fact, hecanae with mild steels 

►cal failure, whereas with higher grade steel loesd damage it 


The metal used in the construction of metal airplanes must 
•►e extremely thin if it is to compete in weight with wood. The 
most useful thieknesses for ateel have been found to be .015 in., 
.018 in. and .022 in. Duralumin haa the advantage over steel 
in that it is three limes thicker, weight for weight. The chief 
difficulty with thin metal strncturea is loeal failure due to local 
flexui^ before the full strength of the material has been de- 

A preliminary series of testa were made by Major Wylie on 
sausTB tubes hsving flat aidgg 1% in. wide which were fifty 
s the' thiekneaa of the metal. 'The tabs was best treated 


per sq. in., but when 


le elastic litn 


t of the i_- - . 

y bending the aide ii 


. above SO U 
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formed transverse corrugations at a atreas of 26 tons per sq. 
in., and these eorrugations increased with increasing load, and 
finally caused failure at a stress of about 40 tons per sq. in. 
When tested in compression the tube failed completely at 
about 26 tons per sq. in. as soon aa the corugations appem«d. 
Further testa on eiroulsr tubes of tbs same thickness and of 
diameters vuying from 1% in- up to over 2 in. were also 
made, and in all eases the circular tubes developed the full 
strength of the material. A 1^ in. X ^ S*ge tube did not 
collapse until a stress of over 110 tons per aq. in. bad been ' 
reached, and then failed suddenly at a slight dent. A tube 
having a diameter of over 2 in. and a thickness of .01 of its 
diameter, which is eonsiderably less than 22 gage, did not fail 
until a stress of 100 tons per sq. in. had been reached, and then 
failed in lension. It is evident, therefore, that curved surfaces 
must be used instead of fiat surfaces. From tests which have 
been made it appears that the radius of curvature should never 
be more than twenty times the thickness of the metal. This 
is unlikely to put any limitation ou good design and will insure 
the section standing up to the maximum strength of the mate- 
rial without failing, and make it capable of taking a fair 
amount of punishment from local damage. 

Mairrialt: Steel Strip 

Thin steel strip ia produced by cold rolling, as it is not eeo- 
nomieai to roll material in (he hot state to less than 17 or 18 
gage. The hot rolled strip is usually first pickled aud theu 
cold rolled to the thickness desired. As the metal is reduced iu 
thickness it is hardened, and the tensile strength and yield 
point increased, and a point may be reached where the bard- 
nesa is so great that it must he removed by annealing before 
further reduction can be made. With a .3 carbon steel a re- 
duction of more than 40 per cent by cold rolling after anneal- 
ing makes the strip too brittle. A 1 per cent cuhon steel may 
be reduced to a quarter its thickness before annealing ie neces- 
sary, whereas a .8 per cent carbon steel ran only m given a 
sli|^t redaction in thickness without annealing. This makes 
the process of cold rolling costly and laborious — .3 per cent 
to .4 per cent carbon steel appears therefore to be the most 
suitable quality in which to obtain large output with good 
strength. By cold rolling a .3 to .36 carbon steel the tensile 
strength and yield point may be increased up to about 65 tons 
per sq. in. with practically no ductility. This renders the strip 
unsuitable for rolling into suitable seetions, If, however, the 
strip ia tempered or “ blued ” for 16 to 20 min. at any tem- 
perature between 0 deg. aud 450 deg. Cent., the dactility may 
be increased to any desired amount according to the tempera- 
ture, and the maximum breaking stress and yield point do not 
fall to that of the original cold worked Sguree until a tempera- 
ture of 425 deg. to 460 d^. Cent, is reached. Usually blueing 
for 20 min. at 400 deg. to 460 deg. can be relied on to Incicase 
the ultimate and yield strength by 5 tons per sq. in. and the 
elongation from practically nothing to about 7 per cent. This 
is a remarkable property of steel which was first discovered in 
connection with tuba and afterward applied to steel strip. 

One process of manufacture consists in cold rolling and 
blncing simple carbon steels. The process of rolling develops 
a grain in the material which cannot be removed even by com- 
plete annealing ; steel strip is therefore unsuitable for hooding 
or rolling into sharp sngles, and all strip steel designs should 
be formed of easy and continuous curves or eorrugationa Tills 
is a second reason for longitudinal corrugations in design. 

A second process of manufacturing steel strip is by eontinu. 
ous quenehing and annealing low end medium caHmn steel 
strip. The response to this form of beat treatment is very 
much greater in thin strip than in ordinary sectioDS. There 
are several modifleations of this process. In one process the 
steel strip passes oontinuously through a furnace and the red 
hot strip is quenched by running through an oil bath. The 
quenched strip then runs through a lead bath and ia tempered. 
In another process it is qnenched by running between cast 
iron or steel dies through which water is circulating and ia 
afterward tempered in a gas furnace. In both the oil quench- 
ing and lead tempering process and the die hardening and gas 
tempering process care must be taken to cool the strip sfter 
being tempered before winding on a coil, otherwise the heat 
accumulated and the strength and dootility of Che strip at dif- 
ferent ends of the coil vary considerably. Some of the best 
results have been obtained with rejected corset steel. A coil 
of steel containing about .32 per cent carbon, oil quenched, 


hardened outright and tempered at 200 deg. Cent., hail a 
strength of 115 tons per sq. in. with quite moderately g(>od 
dnctility, while after tempering at 250 d%. the slreu^h was 
110 tons per in., the yirid 00 tons per sq. iu., aud the ductU- 
ity was sufficient when bent along the grain to enable it to be 
rolled into a standard comigated flange. Further tempermg 
of this same strip at 450 deg. Cent, reduced the strength to 
about 70 tons ultimate and 65 tons yield, and induced sufficient 
dnctility in the material to enable it lo be flattened on ithelf 
either way of the ^ain, so that this metal was quite capable 
of -witbstuding being pressed into ribs. 

The third process, which has yielded excellent results, con- 
sists in hardening and tempering by a special process alloy 
steel strip. The resulting product is scoured by a spatial 
process and can be welded, punched, rolled and bent loiigi- 
tudinallv and laterally without further beat treatment. I'his 
steel should be tempered rither below 150 deg. Cent, or above 
450 d^. Cent, if durability anti capacity to resist shock md 
vibration are required. 

The strength of metal coiutructions appears to be governed 
more by the yield point than by the ultimste strength, hence 
attention should be paid to obtaining a good yield pcint. 
Straight ateel strip can now be obtained up to S in. wide, hav- 
ing yield points of 100 tons, 80 tons, 60 tons, or 40 Ions. In 
ordering atrip care should ^ taken to order the exact w.dth 
required, ainee the proeess of splitting the strip invariably gives 
it a curve which can only be corrected by addition^ heat 

Duralumin: ComparUont Kilh Slttl 

The second material available for metal conatructioii is 
ducalumiu. This has many advantages over steel and a few 
disadvantages. Duralumin being three times lighter than steel, 
it follows that Che various members may be, weight for weight, 
three times thicker than steel members. Hence the difficulty 
in overcoming local failure due to local flexure is greatly re- 
duced. Nevertfaelesa, the perfeecion of a des^ can only be 
discovered by eonstrueting it in ateel, and it is thought that 
duralumin designs will be improved by adopting the principles 
which have proved to be the only feasible ones in steel con- 
struction. 

A prejudice appears lo exist in certain quarters against 
duralumin owing to tbe fear of corrosion. It should be stated 
that dnralumin, unlike aluminum, is not acted upon by sea 
water or affect^ by atmospberic influences, and experienis in 
connection with airship work shows that duralumin, if jirop- 
erly varnished, is not alfecled by corrosion under ordiaary 
conditions of service. Nearly every case of corrosion so far 
experienced in actual practice baa been traced bock to incor- 
rect beat treatment or lo cold working after beat treatment. 

' the 

greatest assistance in tbe practical working of the metal. This 
heat treatment is carried out by placing the members to be 
treated in a bath containing a mixture of potasshim aud 
sodium nitrates heated to a temperstnre of 480 deg. Cent In 
practice there is a fairly wide margin of temperature so long 
as 500 d^. Cent, is not exceeded, in which case there is danger 
of the metal being burned and reduced to eluminum. The 
parts should be left in the bath long enough to be hesteii uni- 
formly to the temperature of tbe bath, the actual times allowed 
being flve minutes in the ease of small nnits up to several hoitrs 
in (he case of 3 in. bar. There is no danger in leaving it in 
the bath too long, providing the actual temperature of 50il deg. 
is not exceeded. At the end of this time tbe article is reniov^ 
from the bath and quenched out in water or non-aoid oil. Im- 
mediately after heat treatment the metal ia found to be in a 
very soft and plastic condition, and it may be pressed, forged, 
bent lo tbe smallest radius, or in the case of drawn sertions 
which have warped with quenching, straightened without 
any fear of ilamaging the metal. The metal now commences 
of itself to harden np, and in about an houFs time has re-iched 
about 26 tons tensile strength, with an elongation of about 15 
per cent. This proeem of hardening continues for a very long 
period, the strength slightly increasing at the expense of tbe 
elongation. Heating duralumin to 300 deg. Cent, and then 
quenehing out anneals tbe metal, and it can then be worked 
in any way desired. In order to give H back its strength it is 
necessary to heat treat it at 480 d^. Cent, as explained above. 
In praetiee it ia nsnal to anneal any duralnmin part if a num- 


The heat treatment of duralumin instead of being a disail 
tage, as is often supposed, is in actual point of fact ol 
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The B.A.T. Type F.K. 26 Transport Airplane 
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Cu>eB-T,'p View 


Phot Cockpit 


AVIATION 


Tbe elevators a 


mouuplaa«, and consist of an inverted 17-e .. 
pivot^ at tbe flooring of tbe ooekpit, on which is mounted i 
wheel which has two segments ent from it top at ' ' ' ' 
shown in the photograph of tbe piloPt cockpit. 

operated by two oval section tubes eon- 

. ends to points one on «tber side halfway 
nd at their rear end to crank-arms on tbe 
iviDg direct pull and pnsb 

The rudder control consists of the usnal foot-bar. 

Tbe tail plane is adjustable, tbe actuating gear being 
operated by a wheel situated low down on tbe left-hand side 
of the pilot’s seat, which U connected to a threaded spindle 
by a enntinnoos cable. Above the tabular nut on the spindle 
is a collar connected to the front main spar of the tail plane 
by means of four tubes, two inside the fuselage either side of 
the central tube, and two streamline tubes running onC tbe 
wings either side of the fuselage to a point on the front main 
spar of tbe tail plane. 

The under-carriage consists of two Vees set aeroes the fuse- 
lage. tbe apexes of which are connected fore end aft, and from 
the Vees two divided axles, two on mtber side, meet at a wheel 
hub. From tbe bubs two tubes run up to two levers which 
just project through tbe sides of the fuselage and which ore 
pivoted at their innermost ends to the centre of the third fnse- 
log .1 former. The levels are oonnected near their outer ends 
to an oleo and elastic shock-absorber. 

The main planes are of equal span, and are connected to 
upper and lower centre sections, the latter, consieting of two 
small false wings nttoched to the side of the fuselage which, 
with the width of the fuselage, are tbe same span as the upper 
centre section, thus the upper and lower main planes are of 
the same length and consequenUy interchangeable. The spars 
of the lower centre section pass right through the fuselage and 
are built into the third and fourth formers. 

Two pairs of interplane struts are fitted on either aide of 
the fuselage, braced with streamline wires. 

The tail skid is pivoted to tbe hose of the rudder and a pair 


radiators which arc carried on either side o 
connected to two water-tanks inside the foselage, the tempera- 
ture therein being eontroUed by two sbutUrs operating at the 
back of the radiator. 

The oil-tank has an extension which projects through the 
side of the fuselage and which has a series of tubes passing 
through it, thus formiug an oil-cooler. 

The following Uble gives the main 
SPECiriCATlON 
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The Large Land Airplane in German Practice 

By Erik Hildesheim, 


In submitting photograplis and some 
srmation on large German airplanes i 

lent of the Giant Airplane. 

One of the first builders of giant airpl 
□gineer Sikorksy. His was a biplane. 


iwliat in 
y briefly 


adequate in- 

‘.Sral? 


thcless it is Uiiowu that other Sikorsky machines of the four- 
engine type liave been built during tbe war. 

The first twin-engined airplane to be used to any large 
extent on active service was tbe French Candron biplane, of 

iadiaa**engi^ o?*riUier^aide of The^nml' nacelu!*'^ho 







Course in Aerodynamics and Airplane Design 

Part III. — Experimental Aeronautical Engineering 
By Alexander Klemin 

Taduutal Edixor, Aviation and Avronoauicat Enginrating; CoMulring Engiataar, Aerial Mail 
Sarvicv! ConeuUing Aaronau tie a l Enginaar 

Section 6 Instruments for Full Flight Testing — Continued 
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readings o£ the ground anemoniGter and the observations in the 
air were taken simultaneously, so as to serure complete ayn- 
etironizatioD. The main criticism of tliis calibration is that it 
waa taken at an altitude of 1000 ft. inatead of at 50 ft as 
recommended. It vss impossible to make the tests at the 
lower altitude on aecouBt of the rough character of the 

iiaduettoa of Data — In the columns of table III the data 
contained in t^les I and II arc reduced step by step until 
the c^ibration correction is obtained. Columns 1, 2, 3, and 5 
(in tahle III) are copied directly from the obMrvatious. 
Thus for Trial I, the length of the course being 2 miles and 
the time over the course being 66A sec. the computed speed is 

3600 

X 2 - 110.0 m.p.h. 

65.5 

Column 6 — The course having a bearing of almost 16 deg. 
west of north, and the wind blowing 50 deg. cast of north, 
the direction of tlie wind relative to the course is^SO 

ing^?retarding the flight (eolnmn 7) is 4.5 cos 66 ieg. — 1.8. 


As the wind aids the machine in its 6ights northward and re- 
tards it in its southbound flights, the wind correction must 
bo deducted from the eompated speed for the northtound 
flights and added for the southbound, This gives the cor- 
rected air speeds as shown in column 8. 

Columns 0 and 10 are taken directly from the flying ob- 
server’s sheet, while column 11 is taken from the altimeter 
ealibnlion ourve. Since this instrument was not set at^ aero 

it may b^^Sed as a pnrely pressure instrument. Tbe corra- 
jmnding pressure taken from the calibration curve is 28.3 in. 
of mercury. 

Column 12 is taken from the flying obaerver's sheet. 
Column 13 is obtainol from chart in previous sevtiou of tbe 
ooutse where for any pressure and temperature the ratio to 
air at standard density (10 deg. C. and 26.92 in. mercury) ia 


^Column 14 is obtained by multiplying tbe observi'd air 
speed by the inverse square root of the density ratio, as ex- 

are given in column 15. No calibration curves nce<l be drawn 
in tUs case os the correction is almost exactly — 1.3S m.p.h. 


New Type of Rigid Airship Construction 


A new design for rigid airships which seems to elimiimte 
most of tbe drawbacks of the existing types forms the subject 
of a recent British patent which has hew taken out by a well- 
known Arm of English motor boat and yMht builders. 

In this design the bull of the airship is formed by a gas- 
light shell made of several thin layers of wood veneer with 
layers of fabric between them, the whole being cemented and 
stitched together with fine copper wire, and internally stiffened 
by lonptudinal and transverse girders. 

Such a moDocoque bull offers several advantages over tbe 
conventional fabrio-covered girder type. First, owing to tbs 
fact that the shell acte at the same time as framework, outer 
cover and gas container, tbe monoeoqne design Is for the same 
sire stronger — or for tbe same weight lighter — than the Zep- 
pelin type. Second, the veneer shell eliminates the tedions ad- 
justment of the wire stays which brace the girder type 
athwartship and longitudinally, tbe transverse bracing being 
insured by veneer bulkheads which subdivide tbe gas con- 
tainer into compartments. 

Third, head resjstance is reduced to a minimum, because no 
external projections beside fins and rudders occur on the bull, 
the machinery and aiseonunodations being situated inside. The 
latter are separated from tbe gas container by a double wall, 
the space between which is filled with an inert gas, such os 
nitrogen, to reduce tbe fire risk when hydre^en is employed as 


a lifting gas. With the use of helium — which ia nun-inflam- 
mable — tUs double wall could most likely be done with en- 
tirely. The redaction of head resistance effected by such a 
design, where the airship is a strictly streamlined body, must 
ohviously result in a considerable increase of speed lor the 

Fourth, the monocoque hull promises to solve the much 
tangled problem of conserving the lifting gas for eoz.tinued 
use, thM is, without losing it through leakage or ha.ing it 
deteriorate by air penetrating tbe gaa container owing to the 
intperfect gas tightness of existing balloon fabrics and their 
gr^ual deterioration due to snnUght. It is believed that a 
veneer hull, suitably lined with gaa impervious fabric will 
insure an almost perfect gas tightness. Fifth, the airship will 
be entirely weatherproof; this will make it possible l» moor 
it as a rule in tbe open, either to ground snebor^rcH or to 
mooring towers, and use the costly hangars only for over- 
hauling and assembling. The greater strength of tbe mono- 
coque bull as well sa the better facilitiee it offers for tbe at- 
tachment of mooring and handling ropes will also simplify tbe 
problem of mooring airships in the open. 

Finally, the weather proof quality of the hull will mace such 
an airship virtually unsinkable — a feature which has cc^nsider- 
able merit for oceanic air trai»port, where safety considera- 
tions must be of primordial importance. — L. o*0. 
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There’s Money in the Air 

I'hcy say “Opportunity knocks once at every man’s door.' 

Tis knocking now at the door of every aviator while hun 
dreds of young men are training for the commercial end o 
aeronautics. 

And flying it now a business, although, first of all, it was 
sport so full of sensation, adventure and thrill as to appeal ti 
red-blooded men the world over. 

But now the “bird of wood and iron” has got down t 
business and is "doing its bit’’ in the workaday world. 

Here, for example, are some aircraft-activities of which man 
people do not know: (See also sketches on opposite page. 




tct and flying boi 
Curtiss product i 


1— HOTKL AERIAL SERVICE 4— DOCTOR'S AERIAL SERVICE 

S — AERIAL PHOTOGRAPHY 5— MERCANTILE SPECIAL DELIVERY 

3— CORTISS MAIL PLANK 6— MUNICIPAL PATROL 

Six of the hundreds of similar photographs showing 
widespread use of aeroplanes. 


tout Flyi 




Production of Helium for Use in Airships' 


if tinier 




suiting: froia the applintion of exact knowledge and 
genius to problemn of military' importance baa been the Urge- 
scale production of helium, making thin hitherto exreediiml)' 
rare gas available for use in halloocia and airdupa. The 
following Borount of the burrau'a wuiic in eonnertion with 
helium wa» prepared by Dr. Andrew Stewart. 

Diieorecy o/ 

X eelipse of Aug. 18, 1868, P. J. C. Jannen 
' ere a bright yellow Hue near to hui 
■I D, lins of sodium. Frankland 
D, and. as it was referable to no 

aseribeil it to a hyiKrtbatiral ele- 

ment whirti t^y eaJIeil Aetiuia, from the Greek wi»rd ketior, 

"lir'lMl. Dr. W. F. Hillebrand. of the United SUtes Geo- 
logical Survey, re|Kirte<l in the American Journal of Science 
that in analytical wort on uraninitc, which he began in 1888, 
he had obtained up to 2>/2 |>er cent by wciirfil of a jieculiar 
gas bv treating the mineral with non.oxidiring inorganic acids. 
This gas hail the cliaracteristirs of nitrogen, yet 
from any nitrogen know ’ «- 


noted in the solar chr 
not identical with tin 
and Lockycr called ll 


s thouglU by Hillebrand, 


any further : 
nitrogen. 


• e<ittiptnent, however 
' subject. As a m^i 
as so found by Hilh 


n the red, green, and blue 


liliuiii is widcl.v distributed m nature. generally i 

IcecdUglv 'Slall. being iireseiit in ttw proix.rtion of uni 
lume to 250JNMI viilunnw of air. It has been found, a 


of this country helium is present in amounts as h 
per cent. Of late, emissions of lielium in romparal 
nusntitv have been repiirletl from the boric acid 
Lanlerello, Tnseanv. Italy. It i«ues from the eart 
furt. (iermanv. and at Karlsbad. The natural gas 


ione'^ 

It Slass- 


of known subeUnces. The 
liydrogen. has in balloons a 




is relatively insigiiiAcant. For example, 1,000 eu. (t. of pure 
hydrogen will lift a weight of 75.14 lb. whereas tbe same 
ainount of purs helium will Uft 69A8 lb., and a mixture, con- 
taining 85 per cent helium and 16 per cent hydrogeo, which is 
tbe gaa contempUted fur all-around aircraft use, will have 
83.4 per cent of tbe lifting power of hydrogen and will lift 
70.18 lb. 

In iu ph^cnl behavior, helium is tbe neaieat approxiiM- 

al even lower temperatures than hydrogen. By its evapora- 
tion in vacuum. Ounea. of Leyden, produced it ‘ ' ' ' 

Hrst cooling it in solid hydrogeu and thei 
through a small nozzle. ImiueOed faeliom is a voiunow, uiou„v 
liuuid, having a density of 0 . 122 ; lienee it ie the lightnt liquid 
known. It boils at iji deg. abeolute, and lias a critical tem- 
l>eralure of about 5 deg. absolute, with a critical pressure of 
2.75 atmoepbene. Hy the rapid evaporation of liquid helium, 
a temperature below 2.5 deg. absolute haa been reached, but 
solid helium lias not been produced. The low dielectric 
strength of helium permits electric discharges to pass through 
it with mueb greater ease than through most gases, and its 
conductivity for beat is very high. 

Helium has been proved to be tbe end product of tbe emana- 
tions of mdioaotivo substances, but tbe origin of its presence 
in natural gas has not been establiahed. The helium content 
U relatively so large Md the railiatioii 


n ndiu< 


Sir William Ramsay, tlie distinguished 
British chemist, was later drawn to Hillebrand’s work, and 
be repeated tbe letter's experiments. He scjiarated from 


d seem entirely out of the qucstiui 


f the Rat 
um liad b 


1 bcliu 


f Mines 


A great many factors eu 

hvpoCheals regarding it. 

InUmlien o 
Cp to Apr., 1918, hell 

so that (he total quantity separated in the wl 
ably did not exce^ 190 cu. ft., the cost of | 
about 81,790 to 82,04KI per eu. ft. Hence, alt 
hility of helium sa a lifting gas had been reali 
use seemed out of the queation. ^ ^ 

being produced in targe ijuantities, tbe Bum 
the |>iuneer and has taken tbe leading part, 
the Director of tbe Bureau of Minee called ine anencion oi 
Dr. F. Q. Cottrell, chief metallurgist of the bureau, to a new 
process for air separation that embodied some novel and 
striking features, the bureau being interested then in the cheap 
proiluetiun of oxygen for use in blast fumacca. This process 
iiail lieen evolved "by Fred E. Norton, a graduate of the .^**®*' 

[lia patents with E. A. W. JefferiM and the eonsolidation be- 
came known as the Jetferiee-Norton processes. 

On Feb. 28. 1916. Sir William Ramsay wrote to Dr. B. B. 
Mwiro, of the Burvsui of Mines, who had worked ' ' ' 

investigating U ' ‘ ■" 


., 1916. 




is. nuat-damp 


Tlie 


. . ... . , William 

hinga: "I have investigated blowers — 

iisli of gas— for helinm for our Goveni- 
ot ajipear to be anything in the English 
getting samples from C^ada and the 


:t to hydnqren, the lightest 


B eased over bv Dr. ! 
r. H. P. Cady, of ll 


icasured not directly by 
difference between its weight and that 
Both hydrogen and helium aiw *•> light 


lontry, these remarks 
I remembered that in 
}f Kansas, had found 
me natural gas from 
Kansas, and be realized what it would mean if such helium 
could he made available for balloons and airships. Dr. Cady 
and D. F. McFsrlaiid were tbe flint investigator* to discover 
helium in nstural gss; in 1907 they published a paper on the 
subject in the Journal of the American Chemicsl Society.! 


Angnsl 1, 1919 
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iiig of the Ameri- 

M read by Dr. C. W. Seibd, of the University of 
Kansas, wiio had worked under Dr. Cady. In tbe discussion 
that followed _Dr. Moore poiuted out tlie possibility of lielium 
for war-balloon use if its separation from natural gaa could 
be aeoomplisbed at a reasonable cost. He asked Dr. C. L. 
Parsems, chief chemist of tbe Burean of Hines, who was 

officiale on his return to Wasliington, and this Dr. Parsons did. 

In Apr., 1917, the Director of the Bureau of Mines placed 
6, A. Burrell (later Cut. Burrell} in charge of the bureau's 
witf-gas work. Tbe Bureau of Mines had initiated this work, 

operation with the Arniv ami the Navy. Mr. Bureell, who 
bad been in ehaige of gas investigations for tlie Burrsu of 
Mines from 1908 until 2916, bad analyzed natural gas from 
different Helds and knew of its lielium content. He had 
thought of helium as a (HMuible tiller for balloons and dirigi- 
bles and had mcntioneil the matter to F. A. Lidbiiry, of the 
Oldbury Chemical Co., and from him learned of Sir W'iltiam 
Ramsay’s interest in the subject and of the presence of helium- 
bearing gas in Csnada. Prof. Katterly and Prof. Patterson, 
of tlie University of Tuniiito, begM experiments looking to the 
separation of h^ium from t^anadiaii natural gas Jan. 1, 1916. 
They used a Claude-eystem unit, at Ilamilton, Ontario, but 
Wl much trouble in eliminating the heavier hydrocarbons of 

Mr. Burrell was aware of the possibilities of tbe gases of 
the Petrolia Held, in Tc-Xas, in regard to helium yield, and had 
samples sent to Dr. t'ady for analysis. These samjilcs con- 
tained about 1 per sent of the element. Tliereupon, Mr. 
Bnrrell took up the question of utilizing this gaa for helium 
recovery, with Dr. Cottrell sod Dr. Moore, and the matter was 
discuss^ at length. 

On May 12, 1SU7. Mr. Burrell wrote to Maj. f. DeF. 
Chandler (now Col. Chandler, of llie Air Kervi«), asking fo 




heliu 


. possessed snf- 


fleient advantages fo 

its production; and Messrs. Burrell and Hours, at the letter's 

the Army w-oiild consider furnishing the necessary funds for 
the project. G. O. Carter, of the Bureau of Steam Engineer- 
; . . 1 .- Department, learned from Maj. Cliandler of 

’ ■ • ' „ behalf of the Navy 


At tl 


uid became interested in it 
angle, a 


leld U 


Dr. Cottrell advisnl Mr. Burrell t 


heUim 


aturml g 


.f hU pre 


touch with Mr. 


; accordingly, Mr. Nor 


About this time ('apt. K. B. Owens, of tlie Signal Cjrps, 
went to England on a special mission. He had beemne very 
enthusiastic as regards helium, especially the possibUitics of 
the Norton process, and took with him a letter from Mr. 
Burrell, which ho presented to the British Admiralty. This 
led to the dispateh to thia country of Commander C. d). C. 
Bridge and Lieut. Commander S. R. Locoek, as a vommimiou 
on behalf of the Admiraltv to canvass the helium situation in 
this country and to investigate tbe Norton proceae. Through 
\ ice Admiral Richard H. Peirse the Admiralty had written to 
Dr. R. A. Millikan (later Lieut, UoL Millikan), of the National 
Research Council, on July 25, 1917, that, on the streng'.h of 
researeltes instituted by the Board of Inventions and Research, 
it had decided to flt up an experimental plant to investigate 
whether tlie use of helium for airehips was i>raetieailc. The 

100,000,0<KI cu. ft. of the gaa st once and to contract I'or” 
tnrtber supply of 1 , 000,000 cu- ft. a week, being partiovlarly 
uit^ted in the Norton jirocesa on ac-ount of the possuility 
of ito greatly reducing the cost of producing helium, which tlie 
Admiralty feared would lie prohibitive bv the older, estab- 
lished proeeases. It was estimateil tliat the best that lould 
be cxiiected from tliese older proeessa. would be about 880 


Devtiopmai 
After the #100,00 


z /or 




_ — of the Bureau of Miuee plaeeii Mr. 

Burrell m charge of the investigation. Mr. Norton alartetl 
the design of a plant along the lines of his process, he and 
Mr. P. McI). Biddison, chief engineer of the Ohio Fuel & 
Supply Co., being ap|>oiuted consulting engineers of the 
bureau. With others they made a flettl sun*ey to deteimine 
the best site for operations. Dr. Cady was appointed con- 
sulting chemist on the staff of line Bur.-au of Mines; he and 
1.18 awistanta at the Univeraily of Kansas, j.artieularlv Dr. C. 
Beibel, did a large amount of analytical and resrerch ez- 
'■ ■ ■■ " " ■ ■ vhich influenced the 


ratal work on heliuu 


plan 


into 


„ . . . . n Dr. Cady, T. B. Ford, then in 

charge of the low-temperature laboratory of tbe Bureau of 
Standards, and O- P. HikhI, chief mechanical engineer of the 


miioli tlmt Mr. Bnrrell felt that he would be ii 
It on properiy, his time being fully oecopieil wi: 
Prof w. H. Walker. 


s Insti 


of Teel 


.. . „ . . -s aske.1 

.1 Waahington, where he arrived on June 4, 1917, 
Asked for a minimum estimate on the coat of a small experi- 
meiilal plant for the pun>ose. Mr. Norton estimated tliat a 
plant with a capacity of about 6,000 en. ft. of helium a dav, 
tij try out his process, might lie constructed for about $ 28 , 000 . 
With thia data in liaiiil, the Director of the Bureau of Mines 
did his utmost to push the investigation. On July 19. 1917, 
be addressed a letter to the Chief Signal Officer of the War 
Department, requesting an allotment of $38,000 to try out the 
Norton [.roeess, and on July 20, 1917, Seeretarv Lane wrote 
to the Secretary of War on the same subject. 

Dr. Moore had suggaOed to Dr. Cottrell tlmt the Linde Air 
Products Co. and the Air Reduction Ca, established firms in 
the business of gaa liquefaction and separation, be lirought 
into the helium undert^ing, and in this suggestion Dr. Cot- 
trell had heartily concurred. So tlieae firro and one other 
(the Lacy jiroeess) were askeil to cooperate with the Govern- 
ment. and developments Hually culminated in a recommenda- 
tion on July 26, 1917, by the Joint Army and Navv Air^p 
Board, of an allotment of $109,000. in equal shares from Navy 
and Anny appropriations, to make lielium available as a suli- 
stitula for hydrogen for balloons and airshipa. It was further 
recommended that arrangements be made with the Bureau of 
Mines to carry out the undertaking. On July 31, 1917, the 
Aircraft Production Board recommended that this be done. 


e Massa- 

..... he did for a few weelm, and ]Kie»iblv it was at his sug- 
gestion that, for purposes of secrecy as a war nieasun’, the 
name argon " was substituted for helium and tbe thne ex- 
perimental plants Anally eonstnieted became knowo as 
••argon ' plants. After Prof, Walker gave no tills charge to 
become cnief of tbe Clieiiiieal Service Section of (be War De- 
IiartmeiiL with the rank of lieutenant colonel, the lielium work 
Dr. F’. G. Cottrell in Washiogton 


and Mr. Norb 


d Mr. Biddisi 


1 Jlr. < 


Held, all unde 


the Navy^Md the Army, and the Linde Air Produc 

were concerned. Contraets*^'ere closed with tlwae two cc^ 
panics in Nov., 1017, and a contract was made with the Lone 
Star Gas Co., controlling tiie Petrolia Held, for a siiptly of 
gaa. Construction of a Linde plant and a Claude (Air Re- 
daction Co.) plant was b««un at Fort Worth, Tex-, almost 
imniedialely after the eontracls were executed. Tliese iilanta, 
known respectively as '■ Aigoii Plants 1 and 2,” were com- 
pleted in March and in May, 1918, On Mav 11, 1918, Profs, 
Satterly and Patterson visited Port Worth to iuspeit the 
|iUnts and expressed themselves as highly pleased with what 
they saw. On Feb. 2, 1918, Dr. Manning assigned F. C. 
Czarneeki to Fort Worth as superintendent of the Limle and 
Claude plants; also, about the same time Mr. J. R. Oeonre. 
Jr., was assigned to assist Dr. Cottrell in Washington in eon- 
dueting the helium work, with special reference to tbe h orton 
proeeas. On Jan. 1, 1919, Dr. Andrew .Stewart sueceeded Mr. 
George. In tbe spring of 1919 Dr. L. S. Duschak wiis for 
some time associated with the helium project. 

In June, 1918, the director of the Bureau of Mines jilaeed 


34 AVIA 

Dr, R , B. Moore is jrmeral charge of al] three helium pUnU, 
ae hia pereonal reproeeutative. After visiling New York for 
coBSultation with the premdenU of the Linde aad the Air Be- 
duetioo Coe, and to arrange for eeeo doaer oooperalion of 
thoee oorporatioDs with the Ooverament, Or. Moore went to 
Woroeater. where be conferred with Mr. Norton, and then 
went direelly to Fort Worth. He has been aotively ecmnected 
with the helium work up to date, June, 19IB. 

fall of mr^lmulaltd t^'^tereat%f the Ar^'a^theNavy 
in heljum. At a conference called by the Erector of the 
Bureau of Mines in hie ofBce, those present, besides Ur. Man- 
ning, were Commander Bridf^, Lieut. Commander Locock, of 
the British commushiDi Prof. John Salterly, of the University 
of Toronto; Lseut. Commander Arthur H. Marks, Bureau of 
Conatruclion and Repair, United States Navy; Capt. P. Pleiu, 
of tlie Signal Oo^s, United States Army; Q. 0. Carter. 
Bureau of Steam Engineering, United States Navv; T>f. W. 
H. Walker, Ur. C. L. Parsons, O. A. Harrell, P. keD. Bid- 
dison, P. E. Norton. Dr. Marslon T. Bogert, National Re- 
aearch Council; W, W. Birge, president of the Air Reduction 
Co.; and Dr. B. S. Lacy. The betiiun project was diseussed 
exhaustively and, as a result, recommendation was made that 
an anproprialion of $500,000 be made available from Army 
and Navy funds, in e<|ual shares, for four se|>arate experi- 
mmtal plants, under the systems of Linde, Claude, Norton, 
and Lacy, respectively; that is to say, all systems recognised 
as praeCieable were to Im given a trial. I>aler, the l^ey system 
was dropped. The redimmendation was transraitted to the 
proper authorities of the Army and the Navy. 

The $500,000 allotment was appropriated pursuant to a 
resolution of the Aircraft Pnxluction Board of Get. 17, 1017, 
but, on the recommendation of the Navy Department, the 
Norton process was excluded from the beneflls of any share 
thereof. This unexpected action was embarrassing both to the 
Bureau of Mines and to the British rommission, but the Navy 
Department adhered to it and induced the War Department to 
take the same stand. Not until, at the Navy Department's in* 
sistcDi'e. the Norton process had been submitted to the search* 
ing examination of the National Research Council and that 
body had, by tbs unanimoua action of a special committee, 
reported favorably on it Jan. 14. 1918, was a further sum of 
$100,000 made available for the Norton process, on Jan. 18, 
1918. The siiecial committee of the National Research Council 
was c«im|)Oiirt of Dr. llan'ey N. Davis, of Harvard Univer- 
sity; Dr. Edgar Buckingham and Dr. C. W. Waidner. of the 
Bureau of Standards; Dr. W. S. Landis, of the Air Nitrates 
t'orporfllion; and S. L. G. Knox, consulting mccluuiical engi- 
neer, and later scientific attach^ of the United Stetes Embassy 
at Rome. 

The Norton pnx-ese is the latest practicable development in 
liquefying and separating gases. The Linde process (Plant 
No. 1) depends upon the so-called Joulc-Thomson effect, ob- 
tained by the sndden expansion of ii highly compressed ^ptts 
tlirough a small orifice, or n)>X];1ei and the conse(]uent cooling 
of the gas, the process being elsboratcl into a setf-intcfisivc 
or cumulative cycle of beat iuterchaugr Ly causing the cooled 
gas, on esnaping, to circulate around the tube leediug the 
initial gas into the apparatus. 

(Icorge Ulaude, of Paris, conceived the idea of a liquefaction 
cycle with on expansion engine interpolated. Although the 
Joule- Thomson effect is used in the Claude cycle (Plant No. 
S). ita value is rcduc<<d to a minimum because tbe compression 
of tlie gas in this system is lowered. The maximum cooling 
effect is produced by the expansion engine because the com- 
preased gas, on expanding in tbe engine cylinder, is made to 
do work and thus its temperaturs is lowen^. 

In the Norton process (Plant No. 3) tbrtc extiansion en- 
gines arc used, liquid is throttled, and the heal inlerchanger 
and fiactionaticg still are of new design. In the Lumte system 
an enormous expenditure of power is demanded to rompreas 
tlie gaa in order to obtain the maximum effect of throttling, 
and thia energy is then wasted. The Claade system requirae 
much less compreseion power, but in this system the energy 
stored in the compressed gaa is also diBBii>ated. In tbe Norton 
svstem the requirement for gas compression is reduced to a 
by the interpolation of the multipU-expansioD en- 
>nd what is needed is conserved and reapplied throngh 
e energy developed by these engines. Thus tlie maximum 

oling effect is obtained at a minimum cost. 


riON August 1, 1919 

Construction of the Bureau of Mines (Norton process) 
plant, later known as Argon Plant No. 3, on (he enlarged basis 
of a maximum production of 30,000 on, ft. of helium a day, 
was begun on Apr. 3, 1918, and was completed Got. 1, 1018. 
The cost was $148,398.29, the estimato for (be plant enlarged 
to the proportions given having been $150,000. ' During tbe 
early construction work at thia plant Mr. Biddisoo’e services 
were of especial value; succeeding him, Apr. 20, 1918, George 
A. OxTuk was appointed eonsulting engineer of tbe Bureau 
of Mines and h^ since been identified in this capaeitv with 
PIsnt 3. 

The first site picked for the helium plants was at Fort 
Worth, Tex., aelrated by Messrs. Norton and Biddison, but 
later the Otto, Kans., r^on was deemed more advisable, as 
the natural gas there is exceptionally rich in helium: the 
supply, however, proved inadequate. The Bureau of Mines 
plant (Norton process) was then loested st Petrolis, Tex., 
adjacent, for obvious reasons, to the properties of tbe Lone 
Star Co., but the plants of tbe Linde Co. end the Air lieduc- 
(fon Co., beesuse of their requiring more water and more 
power, were built at Fort Worth, shout 190 miles to the 
southeast, and were supplied with Petrolin gaa through the 
Lone Star Co.'s pipe line. 

Tbe approximate cost of Plant No. 1 (Linde) was $245,000 ; 
(hat of Plant No. 2 (Air Reduction) was $136,000. The 
capsMty of the Drat plwt for producing 90 per cent helium 
from 0.4 per cent to 1 per cent belium.bearing natural gas, 
was 5,000 en. ft. a day, and that of the second was 3,000 cu. 
ft a day. 

Plant No. 1 was the first to start, Mar. 6, 1918. Its pro- 
duction of helium began Apr. 8, 1918, when 27 per cent gas 
was obtained. Progressively better results were achieved until 
a purity of about 70 |>er cent on straight runs was reached. 
By reprocessing, the purity of this gas was raised to 92V^ per 
cent. Plant No. 2 b^an to operate May 1, 1918, and on May 
13 finally produced gas of 62 per cent to 70 per cent t>urity, 
which was reprocessed by Plant No. 1 to 02(4 per cent. In all, 
about 200iKK) cu. ft. of 92’4 par cent helium has been pro- 
duced by Plants I and 2. This gas bas been stored in steel 
cylinders st a pressure of 2,000 lb. per sq. in., each cylinder 
containing about 200 cu. ft, expanded to stmo^herie pressure. 
Of these cylinders 750 were ordered sent to I’rance for aero- 
nautie purposes and were on the dock at New Orleans awaiting 
shipment when tlie armistice was signed. They were returned 
to Wrt Worth. 

In order to coordinate properly sU the different agemues 
concerned in tbe helium project, and to take steps for con- 
trolling effectively tbe exploration and ronservation of helium, 
a committee oonrieting of one representative from each of tbe 


n, repress 

and (ieorgs A. Orrok. the Department 
and including OeU 23, 1918, there had 
allotted from Army and Navy appro- 
priations, in eqnsi share, funds aggregating $1,090,000 for 
Plants 1, 2. and 3 and expenses ineiilent to their maintenanee 
and operation. The expenditure of this $1,000,000 has not 
only added vastly to human knowledge, but has supplied a 
commodity worth, at prewar prices, approximatelv from 
.11250.000.000 to $400,000,000; and has prepsreit s war'weapon 
for the United States of incalculable {lotency. 

Construction of all three helium plants was carried out by 
tbe Constructing QuartermsHter Corps of the Army, coogierat- 
ing with the Rureaii of Mines, and the finances of (be helium 
utidertaJciiig liave been handled by tbe finance division of the 
Bureau of Aircraft Production and the accounting section of 
tlie Bureau of Mines. 

In Aug., 1018, the War and Navy Departments, realixing 
the paramount importance of insuring a supply of belinm for 
military purposes, determined to build a large plant that 
would produce 30,000 eu. ft. of the gas a day. This plant, to 
he conatruetsd along the lines of the Linde process, is to be 
situated at Fort Worth. Tex., and arrangements have been 
made for a lease of tbe Petrolia gas pool and for a Govern- 
ment pipe line to eonvey gas from Petrolis to Fort Worth, 

On Dec. 8, 1918, the Aircraft Board submitted a raport to 
the Secretary of War and the Secretary of the Navy, in 
which tbe cb^ire in the military situation because of tbe sign- 
ing of the armistice was noted, the iieliatn ritoation was re* 
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paratus to insure tbe greatest possible efficiency. It wss tl 
sense of tbe meeting that liberal allotments of funds should 
be nmdii for the continued experimental operation u: the 
plant, with regard to its nltimately being run es a prodi.ction 
unit. Aa a result of this conference, the Director of the 
Bureau of Mines recommended an allotment of $100,0)0 to 
make the alterations and acquire the equipment leferrcd to, 
This fund bas been made available, one-lialf by the Army and 
one-half by the Navy. 


. 
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eubmitted a 


eport by tl 


y and tbe Secretary of War, 
ra of the bureau. This report 


1 three axperimentk plants, also for 
Claude unit, and included a fund for conservation purposes. 
The bureau's engineers were convinced that the cost of pro- 
ducing helium bed not been reduced to a mlmimum and that 
undoubtedly in the long run money would be saved by perfect- 
ing prodneinE; methods through further experimental work, 
In any event, it was felt that something should be done toward 
coneerving the Nation’s helium supply. 

On Dec. 27, 1918, tbe Secretary of the Nat? wrote to -the 
Director of the Bureau of Mines disapproving farther experi- 
mental work by the Government, other than the small amount 
countenanced for Plant No. 3, under Plan C, and advising him 
of the adoption of Plan C. On Jan. 9, 1919, Maj. Oen. Jervey, 
of tbe General Staff of the Army, wrote advising that the 
War Department concurred in the action of the Secretary of 
the Navy and that the accomplishment of Plan C would be 
entrnsted to tbe Navy Department. 

Pnrauant to this plan, the director of tbe Bureau of Mines 
orifered Plants 1 and 2 shut down on Jan. 23, 1919, bat asked 
that Plant 2 be permitted to continue work, at its own ex- 
pense, for a limited time in order to try out an improvement 
in its apparatus. On this basis, tbe Navy and War Depart- 
ments eoBsented to tbe further operation of Plant No. 2, the 
Navy agreeing to furnish gas of a higher helium content from 
ita new pipe line (contemplated under Plan U) wiien thia 
would be completed, about May, 1919. 

The Bur - - - - - • 

took physic 

ment property of Plant No, 1, and 
curred by the Government incident to these plants as of Apr 
1, 1019. Plant 1 lias been dismantled and the Linde Air 
Products Co. is to repurchase such of its apparatus end equip- 
ment as it a gree d to do under its contract with the Bureau of 
Mines. AU helium produced at these plants has been placed 
in the custody of the Navy Department at ita speriol request. 

Although only $36,000 was provided for further operation 
of Plant No. 3, nnder Plan C, a visit of inspection to this 
plant by Comdre. H. N. Jenson and H. T. Dyer, Lieut. Comdr. 
Smith and G. O, Carter, on behalf of the Navy Department, 
about Mar, IS, 1019. so eonvinee<l tbe Navy oifieinls of tbe 
oxeeptionol merits of the Norton process and the ixissibililies 
of the plant in respect to producing high purity lielinm st a 
minimum coat that they bceamr strongly in favor of affording 
it every opportunity to prove itself. 

After overcoming many obstaclea that could not be foreseen, 
Plant No. 3, on Apr. 2, 1010, b^an to produce helium, and 
by S..30 0. m., Apr. 3, a purity of 19,8 per cent was reached. 
Helium production continued until that afternoon, w'ben it be- 
came necessary to shut down for some minor repairs. On 
Apr. 17, 21 per cent helium was made, and it is confidently 
expected that helium of the highest purity will soon be pro- 
duced by this plant on a large scale. 

On Apr. IS, 1019, the Director of tbe Bnreau of Mines 
called a conference in his office to discuss matters incident to 
the farther operation of Plant 3 and kindred matters. There 
were present, besides tbe Director, Commander Jenson, repre- 
senting tbe Navy; Col. C. DeF. Chandler, Col. A. L. FuUer. 
and Dr. H. N. Davis, representing the Army; and George A. 
Orrok, Fred E. Norton, L. H. Duschak, W. A. Ambrose, and 
Andrew Stewart, repreeentatives of ^ Bureau of Mines. 
Fred E. Norton, who bad ecune from Texas for the purpose, 
gave a detailed report on tbe operation of Plant No. 3 and 
detf rihed the need for alterations in and additions to Its ap- 


During tbe course of tbe work of tbe Bureau of Mines on 
processes of helium extraction, G. 8, Rogers, of the I'nited 
States Geological Survey, undertook a reconnoissance of the 
natural-gaa fields in the United States with r^ard to their 

possible helium supply, a- “ “•-* —=->-» v- =••• > — ’ •*-- 

vnslysis of samples of g 
>f geological conditions. 

17. Scibcl rendered vsluable assistance in analyCieal investiga- 

On Apr. 3, 1918, the petroleum division of the Bureau of 
Mines began work on the possible discovery of natural gas 
yielding helium, and from Apr. 3, 1918, to Jan. 1, 1919, con- 
ducted intermittently adminirtrative work relating to tbii con- 
servation of such natural gas, Examinations as to the possi- 
bility of obtaining helium in Montana, North Dakota, Wash- 
ington, California, and soutbern Canada were mode by C. H. 
Beal, J. O. Lewis, and A. W. Ambrose. 

Following a eonfereneo between Dr. Cottrell and members 
of the staff of the Bureau of Standards, tbe Director r>f tbe 
Bnrean of Mines, on Dee. 14. 1017, requested tbe Bureau of 
Standards to undertake the determination of certain physical 
properties of methane, especially with regard to its latent and 
specific beats oud specific volumes over a wide range of pres- 
sures and temperatures, The pn^ose of this inquiry was to 
facilitate the experimental operation of the helium plants, in 
which liquid methane plays an important part. 


Gluing Veneer at High Moisture Contents 

It is common practice among plywood manufaetiin?rs to 
dry veneer down to very low moisture contents before gluing 
it. The object in doing so apparently is to prevent shrinkage 
of the veneer and consequent marring of the appearance of the 
finished panel. Tbe drying is dune in plate redriers, textile 
driers or similar apparatus, and adds appreciably to tbe cost 
of manufacturing ponela 

That SQch preliminary drying may not be necessary is 
indicated by the results of a recent investigation by the Korest 
Products liaboratory. Veneer panels were glued with caseiu 

cent) and in various tests proved as strong and as desirable 
as those made under drier eonditiona In fact, in the mciisturc 
resistance testa a considerable proportion of the veneer which 
had been dried before gluing snowed signs of foilnre, whereas 
veneer glued at a moisture content of 15 per cent or higher 
gave practically perfect results. PaneU made at high mois- 
ture contents checked if dried too rapidly, but this dilllculty 
could be avoided by proper operation of the kiln. 

It seems possible, therefore, that tbe cost of pro<lucing 
panels of certain kinda may be very materially lessened 
through the use of water resistant glue and the reduction or 
even elimination of preliminary drying. Very dry veneer is 
more likely to break or split than damp veneer; an additional 
saving is therefore possible through a redaction of waste. 

Tbe use of moist veneer, of course, is not praetifiahle for 
some pnrposes, but it is quite certain thoTmuefa veneer 

which is now being painstakingly dried before gluing might 
advantageously be glued at a higher moisture content. — 
Tfehnifal Note, Forest Prodwts jMhoTatary. 


Radio Stations for Air Mail Service 
The Post Olfiee Department has contracted Tor three radio 
stations, the first of a chain of wireless eommnnicating centres 
in various cities to be used primarily for the direction ol’ mail- 
carrying airplanes handicapped by fog, H was ^ 
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The most terrific varnish test in historj'! 

700 miles an hour for 26 hours — and Valspar won 

T~XURING the trans-Atlantic flight of the 
I J NC-+ the strain on her huge Valsparred 


S"G the trans-Atlantic flight of the 
C-+ the strain 
s terrijic. 

The big blades, whi'zzing at 1800 revolu- 
tions a minute, attained at their tips the fright- 
ful speed of 700 miles per hour — a speed at 
which the drops of moisture striking their Val- 
sparred surface had the impact of buckshot. 

Thisamazing propeller Speed was maintained 
throughout the entire 26 hours of trans-Atlan- 
tic flight — all the way from Newfoundland to 
Portugal — through blinding fog and mist. 

Never yet has any varnish been called on-to 
undergo such a terrific test. Had even a very 
little water penetrated the varnish, the tips of the 


lers would literally have flown to pieces, land- 
ing the NC-4 on the ocean, helpless. 

But Valspar protected these laminated pro- 
peller blades perfectly, as it did all other ^ ar- 
nished parts of the NC-4. 

Valspar’s toughness, elasticity and water- 
proofness made good for the U. S. Navy in ihis 
severe trial. It is the one varnish that can be 
absolutely depended upon under all conditions of 
air service. 

VALENTINE & COMPANY 

4S6 Fourth Avenue, New York 


gun to "fray.” Then 
the laminated strips 
would have swelled 
and separated and the 
blades of the propel- 

VALENTINE’S 

l^LSPAR 
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Two Aeronautical Angles 

A COMPARATIVELY new science, suddenly developed 
beyond its years, such as aeronautics, that gives promise 
of almost unlimited commercial worth, is interesting from 
two points of view, 

The designers and constructors, the creators, the builders, the 
critics — the workers and the masters of aeronautics — may be 
pardoned if to them this field seems chiefly technical. For them 
is intended AviATioN .\ND AERONAUTICAL Engineering, now 
entering its fourth year, the technical aeronautical authority. 

But there is another angle. 

A science that has given rise to an industry — a fast-growing in- 
dustry — has as well new. And happenings in the aeronautical 
world are as worthy of record as new data. 

In the neiLs of the industry is found the commercial application 
of its technical development. This news is not merely the scale 
whereon technical aeronautics may measure material results, 
but forms as well the angle most easily understandable to the lay- 
man and the enthusiast. 

To present the neus of aeronautics with an accuracy and a 
promptness to rival the authority of this publication in matters 
technical is the purpose of AIRCRAFT JOl’RN.U,. 

Dues not this angle also interest you? 

aircraft journal 
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OF INTEREST TO 

Owners of CANADIAN TRAINING AIRPLANES 


Airplanes, like the best motor cars, sometimes need ovcrhaulini; or 
rebuilding. 

Believing that the owners of Canadian Training Airplanes wilt be 
best served by the establishment of a PERM.\NENT REPAIR 
DEPOT, we have appointed the Lewis & Vought Corporation, Web- 
ster and Seventh Avenues, Long Island City, N. Y., Official Service 
Rep, ^sentatives for all machines sold by us. 

The Lewis & Vought Corporation has organized a special corps of 
expert motor and airplane repair men who, tt^ether with its splen- 
didly equipped factory and well-known aircraft facilities, an: at 
your disposal. 

This repair work will be executed with the same care and quiility 
which has always characterized the famous Vought Airplanes 
themselves. 

United Aircraft Engineering Corporation 

52 Vanderbilt Avenue. 

NEW YORK. 
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“FLY A ‘BELLANCA’ AND KEEP THE ‘UP OUT OF ‘UPKEEP”! 



MARYLAND PRESSED STEEL CO. (Aircraft Dept.) 

Sales Manager, HARRY E. TUDOR 299 Madison Ave., N. Y. Cit}r 


Merchants Fire Assurance Corporation 
OF New York 

AVIATION DEPARTMENT 


Is now issuing policies covering the following hazards to aircraft: 

1. Fire and Transportation 

2. Collision (damage sustained by the plane itself) 

3. Property Damage (damage to property of others) 

Additional coverage may be had against loss by windstorm, eyclone or foriiado. 

Austin B. Oehoss, Manager, Aviation Department. For two years pilot 
in Lafayette Flying Corps and previously with this company since 1910. 

We should be glad to discuss with those interested the various phases of insurance on Aircraft. 

MERCHANTS FIRE ASSURANCE CORPORATION OF NEW YORK 

45 JOHN STREET, NEW YORK CITY 
Fire — Autamobile — Tornado — Exflasion—Riot and Civil Commotion 
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MONOPLANES 


LoeDing Aeronaotical Engineering Corpn. 

351-35S West 52nd Street 
New York 


AIRPLANE ENGINE DESIGNS 



75 H. P. Roberts Airplane Engine. A very SDceeesfnl early engine 

TWENTY-ONE YEARS’ EXPERIENCE devoted exclu- 
sively to the design and the manufacture of Internal Combustion 
engines of all types. 

NOW MAKING MY lOlST COMPLETE SET OF ENGINE DRAWINGS 

Formerly Chief Assistant to Sir Hiram Maxim on hia airplane experiments. 

Late with National Advisory Committee for Aeronautics at Washington. 

E. W. ROBERTS, M. L 9 Miller Bldg., Cincinnati, Ohio, U. S. A. 
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Aocaal I. 1919 


NAVY DEPARTMENT. 

JREAU OF STEAM ENGINEERINO, 


MAY24I919 





;allatlon < , 

iQ tlislr fll^t froi 





Veiy respootfoUy, 



En£l»9«r-ln><;hle;.U3S. 
Chief of Boresa. 


toeriean Pzopeller & Mfg. Cq., 
Baltimore^ U&« 



a counterbalanced aviation 
crankshaft .... 


FatMtarf Jmly IHT 

one of the I 8 different 
models we are now making 
for 1 4 aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 

Wm AaM tMpp^d 4*,t3T Aaiatian CrmnkMhatU to Jonuory /«, t$t9 

THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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Aeronautical Engineering and Airplane Design 

B; UBVTENANT ALEXANDER KLEMIN 



THE GARDNER-MOFFAT COMPANY, Inc., PublUherii 

22 East 17th Street, New York City 
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[ CASEIN 

Aldgate Casein Works 

NIEUWHOF, SURIE & CO., Ltd. 

Bead Office: i 

5, Lloyd’s Avenue London, E. C. 3 

1 

1 



To get the Best Rasttlts with 
THREE-PLY VENEERING, Ac., 

1 

1 

1 REGISTERED TRADE MARK 


the adheslTe mixtore anat contain 

PLYOL 

1 

1 

1 

CASEIN 

Tel^AofWj; 

.4semM 34 ' 

Aeemi€ 35 "Suricodon, Ftn, Landm" 


Atuminum Company of America 

Caneral Sales Ofllce. 2409 OlWee BbU<Ubs 
PITTSBURCB. PA. 

Producers of Aluminum 

Monu/eOitfera s/ 

Electrical Conductors 
for Industrial, Railway and Commer* 
cial Power Distribution 

■lie 

Ingot, SheetyTubing, Rod, Rivets, 
Moulding, Extruded Shapes 

alM 

Litot Aluminum Solders and Flux 

CANADA 

Nortbem Al nminam Co.. Ltd.. Toronto 
ENGLAND 

Northom Alaminiam Co.. Ltd.. London 
LATIN AMBSICA 

Alnjnbmm Co. of South America. Pitttbarfh. Pa. 


Fahrig Anti-Friction Metal 


Tke Best Bearing Metal on the Market 
A Necessity hr Aeroplane Service 



Fahrig MetaJ Quality haa become a ataad- 
ard for teliability. We ope ci alia e ia Ala 
oae tin-oopper alloy which baa auperioa 
aati-frictioa qualities and great durability 
and ia always unilorm. 

When you see a speed or dtatance record 
broken by Aeroplane. Racing Autotoobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings arere in that 


FAHRIG METAL C0„34 CtHomerce Sl,N.Y. 
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Standard sizes carried in stock. Inquiries and orders will receive prompt attention. 

THE ATLAS WHEEL COMPANY 


ATLAS WHEELS 

Are daily gaining in favor with manufacturers and pilots of aircraft because: 

They Absorb Shocks They Are Stronger They Are More Reliable 
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YALEO — 


From bins to machines 
cars — use Yale Hoists 
Yale Spur-Geared HpIms. suspended 
from "Brownhoin" Steel-PUie Trol- 
ley*. on overhead track*, are ideal 
/or lifiinK and moving loads. 

For delivering raw and semi-finished 




A Dependable Source Specializing on 

AIRCRAFT 

PRECISION SCREW 
MACHINE PRODUCTS 

Preferably parts of Nickel and 
Alloy Steels machined from 
Bar Stock, held to close toler- 
ances. hardened and ground. 

A character of work where ac- 
curacy and quality are the de- 
termining factors. 

Permit us to quote you on 
your requirements. 

ERIE SPECIALTY CO. 


WITTEMANN-LEWIS 

AIRCRAFT 

COMPANY 

NEWARK. N. J. 

Main Office and Factory: 

Lincoln Highway 
near Passaic River 

Telephone, Market 9096 
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FLIGHTS AND FLYING 


PHILADELPHIA 
AERO- SERVICE 
CORPORATION 

1209 Arch Street PhiUddphu 


Inatructions in F/>mg by 
LIEUTENANT PAUL F. HOUSER, R. M. A. 


Special Rates for Summer Classes 
Finest Equipment 

Largest and safest aviation grounds 


FUEL LEVEL 
GAGES 



This cut shows our 
Model SI Gage 
which is standard on 
practically all type 
of military training 
machines. 



$ 


Other types of gages 
in large quantities 
are “ doing their 
bit” as part of the 
equipment of Eng- 
1 i s h Government 
Warplanes. 


9 


SPECIAL TTPB8 DBSIOKKD 
FOR TOCR BSraClAL XEBDB 

BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 


Yoa can dispense with the 
preliminary block test — 

by finding the R.P.M. of airplane motots, 
prior to the final tachometer rating,with a 


SPEED COUNTER 



The Veeder Mfg. Co. 

56 Sargeant St., Hartford, Conn. 



54 


A VIATION 


A>ca« 1. 1919 



Quality Instruments For Airplanes 

Indicating Dial Type Thermoineters for 
circulating oil and water. 

Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 

’**“* Qjj Pressure Gauges 

Air Pressure Ganges 

Tht Porboro Wi»e incUtdis wo»iy other typei of Indicaling and Recording Instru- 
ments designed for all sorts of eoiidUions and purposes. 

Bulletin No. Bl-lio describes our Airplane Instruments. 

THE FOXBORO CO., Inc., FOXBORO, MASS.. U. S. A 


SPRUCE LUMBER 

for 

Airplane Construction 

TT'OR twenty years we 
have been exclusive 
manufacturers of PACIF- 
IC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 

W» aoUcU your inquiries 

MULTNOMAH LUMBER 
& BOX COMPANY 

PORTLAND OREGON 


DOEHLER 

BABBITT- LINED BRONZE 

BEARINGS 

bsvc been used (or years with tbe utmost euc- 
case by tbe leadinc motor manufecturen 
io tbe eutomobile end airplane industriee. 

Doom Dns-GASIBG OOr 


O’Orcy’s Airship Manual 

" A singularly timely and usefu] work, 
which does for the aerial navies of the 
world something like what Brassey's 
Annual does for the marine fleets ." — Mem 
York Tribune, June 8 , 1918 . 

$ 4.00 

THE GARDNER.MOFFAT CO., mc. 

22 East 17th Street New York 


L 1919 




PIOMEtR AIRCRAFT COMPASS 


PHILBRINI 

DUPLEX IGNITION 

otor to 


pur the 

qOHBIKU 


or Fre^oaE^Sror^ 


LEGAL NOTICE 

All manufacturers, sellers, users of aeroplanes 
infringing United States Letters Patent Num- 
ber 1,240.812, or any of the claims thereof, issued 
to J. A- Blondin September 25. lyiy. are hereby 
warned to desist and informed lliat they arc liable 
for damages. ^ Blondin. 

July 28, 1919. 

1 14 East Jefferson Street. Ijjb .Angeles. Cal. 


Vertimeter 

“The Instrument Essential” 


WriU for XHformmion. 

Aeronautical Instrument Co. 

32 East Twenty-third Street New York 


New York Flying School 

A LIMITED NUMBER 


Select Students 


Complete Course 

i^udlD^ an ai^CB tor CivilUo Licenw *500.00 olU 
D. ir*LAMB*(Ulely Avlaiarl 


“EMAIL.LITE” 

Five Dollars a Gallon 

The Premier French “ Cellulose Acetate ” 
Airplane Dope 

Maaufaeturtd by Ike 

American Emaillite Company 

549 West Washington Street, Chicago, Illinois. 





LEARN TO FLY 


Flottorp Manufacturing Co. 



AIRCRAFT PROPELLERS 

Biven mslruction to more 


K-iebliahed 1912 

AMERICAN ACES 


_ . — 

Army Training Planes Used. 



We Build Cur Machines. 


213 Lyon St., Grand Rapids, Michigan 

PR1KCETON FLYING CLUB, Princeton. N, 1, 
WEST VIRGINIA AIRCRAFT CO . AAheeling. \V. Va. 
UAA'TONA FLYING CLUB (Winter), Daylora, Fla- 


ContractOTt to C/nife<i States Gopernment 


lATlON 


INDEX TO ADVERTISERS 


A 


N 


AtTomarine Plane & Motor Co. 
Aeronautical Instrumental Co . . 
-Aircraft Engineering Corp . . - . 

Aldgatc Casein Works 

Atumiimm Castings Co 

.Aliiiiiinum Co of America . . - - 
.American Bosch Magneto t-orp. 

.American Emaillile Co 

Ami-ricati I<eatl Pencil Co 

American Proi»eller & Mtg. C'n. . 
Allas Wheel Co 


7 New Departure Manufacturing Co 

55 New York Plying School 

51 Nieuwhof, Stirie & Co., DUl 

50 


5.5 Park Drop Koi^e (^o 

5.5 Philadelphia Aero-Service fVirj* 
52 Philips-Hrinton Co 

51 Prineelon Plying Club 


12 

55 


!K) 
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B 

Herliiig Magneto 

lioaton Auto Ougc Co 


B 

55 Roberts, E. W 

53 Koebling’s Sons Co., .John A 
Bolls-Royee, Ltd 


C 

Curtiss Aeroplane & Motm- Corp 


D 

Dalton Mfg. Co 

Doeliler Die-Castingn Co..’ 

E 

Ericsson Manufacturing Co 

Erie Specially Co 

P 

l‘’ahrig Metal C^o 

Elattorp Manufaeturiiig C'-o 

Kox Machine Co 

I'■ox!.o^o Co.. The 

H 

Ilall-Scott Motor Car Co 

llartzell Walnut Propeller Co 

L 

L-W-P Engineering Co.. Inc 

laiiising Stamping & Tool Co 

l.oening Aeronautical Engineering Cni-p 

M 

Marlin, The C.Ienn L. Co 

Maryland Pressed Steel Co 

Mcrelmuts' Fire Aiwiiraiiee Corp. of N. V 

Multnomah Dumber and Box Co 


Stewart Harlsborn Co 

Stone Propeller Co 

Sturtevaiit Co., The B. h , 

T 

Thoiiiiifi-Morw' Aircraft Corp . 


r*> u 

Union Oas Engine Co 

Unit Construction Co 

United Aircraft Engineering Corp 

50 I', S. Aero Exchange 


Valentine and Co 

Veeder Manufacluring Co 


3 

10 


W 

Wakefield and Co., C. C 

West Virginia Aircraft Co . , 
Witteraanu-Lewis Aircraft Co 
Wright-Martin Aircraft Corp 
Wyman-Gordoii Co 


5'ale and Towne Manufacturing Co.. 


54 Zenith Carburetor Co . 
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THE MARTIN NIGHT BOMBER 


THE MOST IMPORTANT AERIAL DEVELOPMENT 

OF THE WAR 

Officially, it has surpassed the performance of every 
competitor. 


The forerunner of the wcmderful 

AERIAL FREIGHTER and 

TWELVE PASSENGER AIRPLANE 

The skill and ability of the HOUSE OF MARTIN con- 
tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 



THE GLENN L. MARTIN COMPANY 

CLEVELAND 

Contraetorm to tho Vnitod Statom Govommont 


M* m>tcr nnulacturucrB' 


.iii'Craft ABSociatioH 


